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Measurements i n  t h e  upper atmosphere o f  t h e  m a s s  i;"FS?'?fum 

o f  p o s i t i v e  i o n s  wi th  t h e  h e l p  o f  a rocket -born  r zd io - f r equency  

mss s p e c t r o m e t e r  u s u a l l y  c o n t r i b u t e  d a t a  on t h e  r e l a t i v e  concen- 

t r a t i o n  of i o n s  wi th  d i f f e r e n t  masses.  The o b t e n t i o n  of i n f o r m a t i o n  

e:: absolxte  i o n  coiiceiitl-ations by means of the mass-spectrome t e r  

net,llnd i s  l>nRs- ihIe  511 ~ y i : ~ i $ e ,  5-5 I t  ..^ I u b - L u  w & z . c I i  & 6ei.le.b UT 4 -  L---* -A*'- 
O L L  

r Q ,  Q r  
0 0  v i =  

expe r imen ta l  d i i ' f i c i f i t i e s ,  Thrt is v!hy rlj-ypct. anesurezents of  el;lc- 

t r o n  c o n c e n t r a t i o n ,  conducted aboard t h e  r o c k e t  s i m u l t m e o u s l y  wi th  

% I  
I S  - -  

2 t h e  mass-spec t romet r ic  measurements a r e  of g r e a t  s i g n i f i c a n c e .  e v  
2 s  The combinat ion o f  mass-spectrometr ic  d a t a  on i o n  composi t ion w i t h  

t h e  ob ta ined  e l e c t r o n  d e n s i t y  p r o f i l e s  a l l o w s  t o  de te rmine  t h e  depen- 

dence on h e i g h t  o f  t h e  c o n c e n t r a t i o n  o f  i o n s  wi th  d i f f e r e n t  masses.  

Such k i n d  of d a t a  a r e  irq3ortant f o r  t h e  c l a r i f i c a t i o n  of v a r i o u s  

q u e s t i o n s  b e a r i n g  on chemis t ry  and  phot6chemistry o f  E a r t h ' s  upper  

a tmosphere and i onosphe re .  

Cont rary  t o  s imilar  measurements c a r r i e d  o u t  by USA inY!.esti- 

g z t o r s  [l - 31,  most of  roche t -born  mass-spec t romet r ic  i o n  neansure-  

mefits i n  t h e  USSR a r e  accoiiiyanied by s imul t aneous  e l e c t r o n  concen t r a -  

t i o n  measurexents  by r a t i i o t e c h n i c j l  mecans aboard t h e  same r o c k e t .  

The e l e c t r o n  p r o f i l e s  broueht  o u t  i n  E'+], and mllich a r e  t h e  r e s u l t  

o f  measurements d u r i n g  t h e  22 J u l y  1959 and 15  June  1960 r o c k e t  

l a u n c h i n g s  , have been u t i l i zk ; i ,  for t h e  process inp;  o f  mass-spectrome- 

t r i c  measurements 
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. 
The method o f  measurements i n  a s e p a r a t i n g  c o n t a i n e r  and 

t h e  b a s i c  r - s u l t s  coiicerning tile r e l s - c i v e  i o n  composi t ion ,  o b t a i n e d  

d u r i n g  t h e  p reced ing  r o c k e t  l a u n c h i n g s  (1957 - 1959) hzve been 

p u b l i s h e d  e a r l i e r ,  ( s e e  r e f .  [5]). 
The cofiputat ion o f  t h e  a b s o l u t e  c o n c e n t r a t i o n s  o f  i o n s  was 

e f f e c t e d  w i t h  t h e  a i d  of  t h e  c o r r e l a t i o n  

which i s  v,iLid a t  f u l f i l l m e n t  o f  t h e  f o l l o w i n g  assumptions : 

1. The sum of p o s i t i v e  i o n  c o n c e n t r a t i o n s  i s  e q u a l  t o  t h e  
-3- e l e c t r o n  concentr.S\- IS ~- 1 = n e , !  1. c. t h e  i i e&&ive  i o n s  a r e  a b s e n t  

i n  t h e  a t x o s p h e r e .  T h i s  a, s u n p t i o n  a p p a r e n t l y  be v d i d  f o r  t h e  

dayt ime ionosphere .  

2. The SUN o f  i o n  peak ac;pl i tudes i n  t h e  ri iasc-s.~ectrometer 

i s  p r ~ p o r t i o n a l  t o  t h e  agL:resate c o n c e n t r a t i o n  ol 2 o s i t i v e  i o n s  : 

-- 
Y h i s  cor responds  t o  t h e  absence of i o n s ,  vfi-ose mass does  n o t  re5ch  

r- l i thin t h e  d e v i c e ' s  r a n r e  : 1 - 4 and 10  - 56 a tomic  u n i t s  o f  m a s s .  

Such an a s s u q t i o n  i s  n o t  s u b j e c t  t o  s e r i o u s  d o u b t s  e i t h e r .  

3 .  The r a t i o  of i o n  peaks '  al;;plitudes i n  t h e  spec t rum is  

e q u a l  t o  t h e  r a t i o  o f  cor responding  i o n s '  c o n c e n t r a t i o n s  i n  tile 

a t n o s p h e r e  : 

The l a s t  c o r r e l a t i o n  i s  e q u i v a l e n t  t o  t h e  a s s u n p t i o n  o f  

absence  of d i s c r L . i n a . t i o n  o f  i o n s  wi th  v a r i o u s  masses i n  t h e  mass- 

s p e c t r o n e t e r .  FactucKLly i t  is  not  q u i t e  t r u e  though,  f o r  t h e r e  

a p 2 a r e n t l y  must be some some f o r z  o f  d i s c r i m i n a t i o n  i n  t h e  r a d i o -  

f r equency  a n a l y z e r .  It is d i i ' i i c u l t  t o  make a t  p r e s e n t  a r i s i d  

q u a n t i t a t i v e  account  o f  t h i s  phenomenon, and t h e r e f o r e  t h e  d i s c r i -  

mina t ion  i s  d i s c o u n t e d  i n  tlie folloi-ring T a b l e s  o f  i o n  c o n c e n t r a t i o n s .  



T h i s  may have t h e  s t o n g e s t  e l i e c t  upon t h e  v a l u e s  o f  a tomic oxygen 

O+ and at0n;i-c n i t r o g e n  N+ i o n  c o n c e n t r a t i o n s ,  which a r e  probably 

somewhat u n d e r r a t e d  and may o n l y  be c o n s i d e r e d  c o r r e c t  w i th  a pre-  

c i s i o n  t o  t h e  f a c t o r  2 .  The f a c t u a l  c o n c e n t r a t i o n s  o f  Ng, NO' and 

0: molecular  i o n s  cannot  s t r o n g l y  d i f f e r  from t h o s e  brought  o u t  

i n  t h e  T a b l e s ,  inasmuch as t h e i r  masses d i f f e r  l i t t l e  from one 

a n o t h e r ,  and t h e  d i s c r i m i n a t i o n  e x l e c t s  m u s t  be p r a c t i c a l l y  a b s e n t .  

During t h e  r o c k e t  l a u n c h i n g  on 15 June  1960, a type  MX-6403 
i o n  rad io- f requency  mass-spectrome t e r  was i n s t a l l e d  i n  a s e p z r a t i n e ;  

c o n t a i n e r ;  i t  vas d i f f e r e n t  from t h e  e a r l i e r - a p p l i e d  i n s t r u m e n t s  

[ 6 ,  71, be ing  o f  g r e a t e r  s e n s i t i v i t y ,  and o f  somevThat s m a l l e r  s i z e  

and weight .  Its m a s s  range was w i t h i n  t h e  1- 4 and 1 0  - 56 a.i;.u. 

r ange .  Owing t o  t h e  g r i a t  s e n s i t i v i t y  o f  t h e  1.X-6403 d e v i c e ,  i o n i c  

components, p r e s e n t  at compara t ive ly  s n a l l  c o n c e n t r a t i o n s ,  could. be  

r e l i a b l y  r e g i s t e r e d  alonRside w i t h  t h e  b a s i c  components o f  t h e  iono- 

s p h e r e  : NO', 02 

r o c k e t  l a u n c h i n g  have a l r e a d y  been p b l i s h e d .  So ,  t h e  q u e s t i o n  of  

d e t e c t i o n  of  i o n s  o f  e x t r a - t e r r e s t r i a l  o r i g i n  i s  Ciscussed  i n  d e t e i l  

in r e f e i e n c e s  is, 'jj, (Na, C a ,  F e j ,  and s o  i s  t h a t  o f  t h e i r  a b s o l u t e  

c o n c e n t r a t i o n  de te rmina t ion .  l:e f e rence  [lo] b r i n g s  f o r t h  d a t a  on 
c o n c e n t r z t i o n s  o f  atomic a i d  molecular  n i t r o g e n  i o n s .  

+ and O'ions.  Some of  t h e  r e s u l t s  ohtI .aineil  a t  t h a t  

r .-. .-c 

J 
The c u r r e n t  pape r  b r i n g s  f o r t h  d a t a  on a b s o l u t e  concent ra -  

t i o n s  of  all i o n s ,  r e l i a b l y  i d e n t i f i e d  w i t h  t h e  i o n o s p h e r i c  conpo- 

n e n t s ,  i. e.  i o n s  wi th  hi = 1 4  (N'), M = 16 (0'1, 1.1 = 28 (N2, and 

p o s s i b l y  S i +  i n  t h e  100 - 200 krn r e g i o n ) ,  M = 30 (NO') and. I.; = 32 

(02) 

T h e i r  c o n c e n t r a t i o n s  at 200 kn were r e s p e c t i v e l y  3 1 0  3 and 3 * l C ' ~ m - ~ . /  

J 
Aside f rom t h e  des igna ted  i o n s ,  i o n s  w i t h  masz numbers 

+ 
14 = 11 (B') and 14 = 1 2  (C ) w e r e  a l s o  r e q i s t e r e d  on 15 June 1960. 

As f a r  as i s  known, no i o n s  x i t h  s s c h  mars numbers have to-da te  been 

r e g i s t e r e d  i n  t h e  at,..osphere. The c h a r a c t e r  of ampl i tude  v a r i a t i o n  

o f  t h e s e  i o n s '  mass peaks w i t h  a l t i t u d e  shows t h a t  t h e y  m a y  be r e l a -  

t e d  t o  r o c k e t  contaminat ion  ( t h i s  has  been examined i n  d e t e l  i n  [53 >; 

t h e i r  rel^erc.rice t o  conta.iner c o n t a n i n a t i o n  i s  c l s o  q u i t e  d o u b t f u l .  
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c y e s t i o n s  l i n k e d  wi th  t h e  occurrence  of  t h e s e  l 'unusualll  i o n s  ayd 

t h e  d e t a i l e d  r c s u l t s  o f  measurements o b t a i n e d  a t  15 June  1960 r o c k e t  

l a u n c h i n g  a r e  t o  be d iscussed  f u r t h e r .  

I o n s  wi th  M = 18 (H;O+) were r e g i s t e r e d  d u r i n g  t h a t  launch-  

i n g ,  jus t  as i n  t h e  preceding  one i n  1959 E51 i n  t h e  most r e l i a b l e  
way, T h e i r  c o n c e n t r a t i o n  is not  compiled i n  t h e  T a b l e s ,  f o r  H20'ions 

cannot  be r e l i a b l y  i d e n t i f i e d  wi th  t h e  atmosphere c o n s t i t u e n t s  a s  y e t .  

L e t  us  p o i n t  o u t  hocever ,  t h a t  on June 15, 1960 t h e  c o n c e n t r a t i o n  of 

22 J u l y  1959 r o c k e t  l a u n  1H20+1=3'1°-3 w a s  r e g i s t e r e d  at  
t h e  same a l t i t u d e .  These f i g u r e s  may of;er i n t e r e s t  i n  t h e  l i g h t  of 

r e g i s t r a t i o n  by USA s c i e n t i s t s  o f  i o n s  wi th  K = 18, and of  t h e  e n s u i n g  

d i s c u s s i o n  11 -31 

H O+ i o n s  at 200 km a l t i t u d e  was about  2 '10 4 -  cm-3, and d u r i n g  t h e  
2 

T A B L E  1 - 
Concen t ra t ion  o f  p o s i t i v e  i o n s  and c l c c t r o n s  ( i n  10 3 cm-3 u n i t s )  

i n  t h e  atmosphere on 15 June 1960 i n  t h e  morning. I le ight  o f  
t h e  Sun w a s  15'. ContPFner'E t r z j e c t o r y  s u m i t  - 203 km. 

A l t i t u d e  i n  krn 

ne 
I Fc+l 
ICa+I 

[NO+] 

IJIg+l 
IO+] 
[N+I  

Io;] 

I N;] 

m. xne c o n c e n t r z t i o n  o f  H 
and H e  i o n s ,  ,and a l s o  
t h a t  o f  i o n s  merked A ,  
do n o t  exceed t h e  f o l l o -  
wing v a l u e s  at r e s p e c t i v e  
h e i g h t s  

100 

- 
40 
- 
A 

590 
35 
A 

A 
A 
A 

0.4 

105 I 1iO I 120 I 130 
I I  I 

15 80 90 85 
15** __ - - 
0,5 A A A 
- 19 30 35 

61 60 50 - 

A A 1,7*+* A 

14 1,00,4 A 
A A  A A 
A A  A A 

1,34 0,160,2 0,; 
1 

140 I 150 
I - 

90 
- 

A 

39 
50 
A 

A 

11' 
A 

0.. 

- 
00 
- 
A 

40 
56 
A 

A 

4 
A 

! 7n 

- 
I65 

A 
- 

52 
a7 
0,: 

A 

25 
0,: 

190 210 
- -  
A A  

46 45 
91 94 

1,1 1,7 
A A  

46 75 
0,26 0,3 

0,22 @,2  

200 
- 
245 * 
- 
A 

49 
92 
2,7 
A 

125 
@,36 

0,3 
c 

I * E x t r a p o l a t i o n .  * *  C r i e n t a t i o n  di2;i t :  a t  L l t i t u d e s  g r e a t e r  t h a n  lo5 km 
kTe+] < 3 lo2 c12'~. * * *  P o s s i b l y ,  S i +  * 

The v a r i a t i o n s  of  i o n  c o n c e n t r a t i o n  wi th  a l t i t u d e  f o r  t h e  

22 J u l y  1359, and 15 June  1950 f l i z h t s  are c o q i l e d  i n  Tables  1 and 2.  
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31 31 130 
A 1,O' 2,O 

1,4 0,5 0,5 

5. 

32 36,5 40 
4,O 6,5nr-?0 

0,8 0,5 O,! 

. 

26,5 34 
A A A  

0,6 0,4  

U t i l i z e d  were all t h e  s p e c t r a  o b t a i n e d  i n  t h e  a scend inc  branch of 

c o n t a i n e r ' s  t r a j e c t o r y ,  exc lud ing  t h e  r e g i o n  o f  i t s  maximuin, o r  

sumriiit ( 8 - 11 km above 206 km), as t h e r e  i s  a dange r ,  t h a t  because  

o f  r o c k e t ' s  g a ~  emiss ion ,  t he  composi t ion  will be s t r o n g l y  d i s t o r t e d  
c5) .  The v a l u e s  of r e l a t i v e  i o n  c o n c e n t r a t i o n s  were t a k e n  from k 

smoothened exper in ien ta l  curves ,  Incsmuch as t h e  s c a t t e r i n g  o f  t h e  

expe r imen ta l  p o i n t s  i s  s m a l l  for t h e  b a s i c  conponents ,  and two-three 

t o  e i g h t  s p e c t r a  are ob ta ined  i n  a 10  k m  i n t e r v a l ,  t h e  random measu- 

rement e r r o r s  are cons ide red  i n e s s e n t i a l .  A s  t o  t h e  p o s - i b l e  s y s t e -  

rnatic e r r o r s ,  r e f e r e n c e  t o  them v ~ a s  made above. 

T A B L E  2 

C o n c e n t r a t i o n s  of p o s i t i v e  i o n s  and e l e c t r o n s  ( i n  10 3 cm-5 u n i t s )  
i n  t h e  morniny; atmosphere o f  July 22, 1959, HeiSht  o f  t h e  

Sun : 0'. C o n t a i n e r ' s  t r a j e c t o r y  s u r m n i t  : 211 km. 

31 

0,' 

A l t i t u d e  i n  km 
- --- I -I- I- 

ne 

[Oi l  
[NO+] 

[?+I 
The c o n c e n t r a t i o n  o f  H 
and He i o n s ,  and a l s o  
t h a t  o f  i o n s  marked A ,  
do n o t  exceed t h e  follob 
-cing v a l u e s  a t  r e s p e c t i v e  
h e i g h t s  

95 
- 
20 

A 

A 

A 

) , 5  

100 

- 
23 

23 

A 

A 

2,: 

* E x t r a p o l a t i o n  
T A B L E  3 

C o n c e n t r a t i o n  of p o s i t i v e  i o n s  znii e l e c t r o n s  ( i n  103 cm-3 u n i t s )  
i n  t h e  evening  atmos:.here of 9 Sep tenbe r  1957. Sun s e t -  

t i n g  : 6'. C o n t z i n e r ' s  t r q j e c t o r y  s u m L t  : 206 km. 
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6 .  

I n  o r d e r  t o  conpare the  r e s u l t s  of  morning and dayt ime 

measurements w i th  t h o s e  of  t he  evening ,  compiled are i n  Table  3 
c o n c e n t r a t i o n s  o f  i o n s ,  r e g i s t e r e d  i n  t h e  cour se  of  t h e  9 September  

1957 even ing  r o c k e t  l a u n c h i n g  [5]. Graphs o f  e l e c t r o n  c o n c e n t r a t i o n  

w i t h  a l t i t u d e  f o r  thal ;  l aunch ing  a r e  brought  o u t  i n  r e f e r e n c e  c117. 
Inasmuch a s  t h e  q u a l i t y  of mass-spectrograms o b t a i n e d  i n  t h e  9 S e p t ,  

1959 l a u n c h i n g  i s  r a t h e r  l o w  ( compara t ive ly  h igh  n o i s e  l e v e l ) ,  vrliile 

t h e  number o f  ob ta ined  s 2 e c t r a  is s m a l l ,  t h e  c o n c e n t r a t i o n s  of  0' and 

0;ions i n  Table  3 may be cons idered  as c o r r e c t  on ly  wi th  a p r e c i s i o n  

t o  t h e  f a c t o r  2 .  Being so far un'ique of t h e i r  k i n d ,  t h e s e  d a t a  may 

however of f e r  i n t e r e s t  . 
The a u t h o r  is g r a t e f u l  t o  I<, I. Grinyauz and V. A .  Rudakov 

f o r  t h e i r  comr,unication of y e t  unpubl i shed  data  on e l e c t r o n  concen t r a -  

t i o n  v a r i a t i o n  wi th  d t i t u a e  durine; t h e  1959 and 1960 a t  t ime of 

w r i t i n g  . 
Ente red  on 17 June 1961 

T r a n s l a t e d  by ANDRE L.ERICHANT 
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